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Description 

[0001] The present invention relates to a liquid crystal 
display (LCD) apparatus for displaying colors according 
to applied voltages, and a method of driving the same. 
[0002] This invention also relates to a power supply 
circuit suitable for an LCD apparatus which displays 
colors according to applied voltages, and, more partic- 
ularly, to an LCD apparatus which can easily execute 
the fine adjustment of display colors and a power supply 
circuit for this LCD apparatus. 
[0003] Color display apparatuses provide arbitrary 
display colors by combining primary colors of red, green 
and blue, and have dots corresponding to those primary 
colors. This type of color display apparatus displays ar- 
bitrary colors by independently controlling the bright- 
ness of the red, green and blue dots corresponding to 
the individual primary colors. Therefore, a television set, 
personal computer or the like, which is equipped with 
such a color display apparatus, supplies three pieces of 
luminance data corresponding to the primary colors of 
red, green and blue to the display apparatus and con- 
trols the brightness of the individual color dots in accord- 
ance with those luminance data of the primary colors, 
thereby displaying the desired color pixel by pixel. 
[0004] In a color LCD device, likewise, electrodes 
forming a plurality of dots are arranged in such a manner 
that three dots corresponding to the color filters of the 
primary colors (red, green and blue) forms a single pixel, 
and the intensities of light passing those dots are inde- 
pendently controlled to select the display color for each 
pixel formed by the three dots. 
[0005] Since, an LCD apparatus equipped with the 
color filters has a low light transmittivity, a transparent 
type which has a strong light source located at the back 
of the apparatus is employed in a television set, a per- 
sonal computer, etc. 

[0006] Because the aforementioned color LCD device 
suffers large light absorption by the color filters, howev- 
er, a color LCD apparatus of a reflection type which uti- 
lizes the reflection of outside light cannot be provided. 
[0007] An electrically controlled birifringence (ECB) 
type LCD device is known which can display a color im- 
age without using a color filter. The ECB type LCD de- 
vice comprises a liquid crystal (LC) cell where liquid 
crystal is sealed, and two polarization plates arranged 
so as to sandwich the LC cell. The ECB type LCD device 
alters the molecular alignment of the liquid crystal by an 
applied electric field. When the molecular alignment 
changes, the birifringence of the LC layer changes and 
the polarization state of light passing the LC cell varies. 
Accordingly, the spectrum distribution of the light leaving 
the polarization plate on the outgoing side varies, dis- 
playing the desired color. 

[0008] Since the ECB type LCD device does not 
cause light absorption by color filters, the display is 
bright. The ECB type LCD device can therefore be used 
as a reflection type color LCD device, and is still advan- 



tageous in its simple structure. 
[0009] The ECB type LCD device provides display 
colors each in one-to-one association with the voltage 
applied between the electrodes constituting a single pix- 

5 el. It is not therefore possible to activate and drive the 
ECB type LCD device with luminance data correspond- 
ing to the primary colors of red, green and blue supplied 
to the conventional color display apparatus like a CRT 
[0010] But, the number of colors the conventional 

to ECB type LCD device can display is limited to the 
number of applied voltages. As the displayed colors 
pass a predetermined locus on a chromaticity diagram 
with respect to a change in applied voltage, the number 
of display colors is limited. It is therefore difficult to obtain 

*5 arbitrary display colors corresponding to the supplied lu- 
minance data of red, green and blue. 
[0011] The number of voltages applicable to the ECB 
type LCD device from the driving circuit is limited. Each 
display color shows a sharp change and a gentle 

20 change in accordance with a change in applied voltage. 
The distance between displayable colors may become 
very large. To avoid this problem, it is necessary to in- 
crease the number of applicable voltages. Increasing 
the number of applicable voltages however complicates 

25 the circuit structure and adjustment of a power supply 
section and increases the manufacturing cost. 
[0012] WO-A-94/10794 teaches a control system for 
projection displays. A control apparatus for an active 
matrix liquid crystal display device is fabricated with the 

30 active matrix as a single integrated SOI circuit. The con- 
trol apparatus comprises among others a column driver, 
dual select line drivers, and an encoder. The image is 
formed by an active matrix display which may display 
both monochrome and coloured images. A grey-scale 

35 mapper calculates the grey value as a linear combina- 
tion from the red-, green-, and blue-signal. A colour en- 
coder employs a multiplexer to multiplex the RGB signal 
into a mixed colour equivalent (lines 21 to 23, page 35). 
Colour filter elements are used to generate the colours 

40 red, green and blue for the pixels (lines 10 to 12, page 
46). 

[0013] DE-A-2 617 924 teaches a coloured liquid 
crystal display, displaying different colours at low driving 
voltages, where it is possible to display a wide range of 

45 colours depending on the driving voltage. The display 
may be used as transmittance or reflection type. Two 
liquid crystals are positioned in the same optical path to 
improve the colour presentation. 
[0014] US-A-4,378,955 teaches a further liquid crys- 

50 tal display comprising a hybrid field effect valve which 
can be tuned to different colours by an input voltage. 
The voltage appearing across the liquid crystal layer is 
modulated not by the voltage supply but rather by the 
intensity of the writing light 1 2. The source of the writing 

55 light may be a cathode ray tube. The writing light is im- 
aged on photo responsive layer. An increase of the in- 
tensity of the writing light causes a decrease of the im- 
pedance of the photo responsive layer and an increase 
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of the voltage switched from the voltage source to the 
liquid crystal layer. The hybrid field effect light value op- 
erates in reflection mode and modulates the projection 
light beam. 

[0015] US- A-3,91 5,554 teaches a liquid crystal dis- S 
play device which is able to control the hue of light trans- 
mitted by the device. The hue of the transmitted light 
depends on a driving voltage. 
[001 6] Accordingly, it is an object of the present inven- 
tion to provide an ECB type LCD apparatus capable of 10 
presenting display colors specified by red, green and 
blue luminance data, and a method of driving the same. 
[0017] It is another object of this invention to provide 
a color LCD device which selects colors closest to dis- 
play colors specified by red, green and blue luminance '5 
data, from displayable colors and displays the colors, 
and a method of driving the same. 
[0018] It is a further object of this invention to provide 
an LCD apparatus capable of displaying colors which 
cannot be obtained by simple application of voltages 20 
when the types (number) of applicable voltages are lim- 
ited, and a method of driving the same. 
[0019] It is a still further object of this invention to pro- 
vide an LCD apparatus capable of displaying a color 
which cannot be presented by a single pixel due to the 25 
structural restriction on an LCD device, and a method 
of driving the same. 

[0020] It is a yet still further object of this invention to 
provide a birifringence control type LCD apparatus 
which ensures fine adjustment of display colors and is 30 
easy to adjust. 

[0021] It is a yet still further object of this invention to 
provide a power supply circuit for an LCD device, which 
can easily provide desired voltages. 
[0022] To achieve the above objects, an LCD appara- 35 
tus according to the invention comprises a liquid crystal 
display having the features of claim 1 and a method of 
driving a liquid crystal display having the features of 
claim 1 8. 

40 

Fig. 1 is a circuit diagram of an LCD apparatus ac- 
cording to a first embodiment of the present inven- 
tion; 

Fig. 2 is a cross-sectional view of the essential por- 
tions of an LCD device shown in Fig. 1 ; 45 
Fig. 3 is a diagram showing an example of image 
data to be stored in an image memory shown in Fig. 

1; 

Fig. 4 is a diagram exemplifying the structure of a 
conversion table shown in Fig. 1 ; so 
Fig. 5 is an RGB chromaticity diagram exemplifying 
the relation between applied voltages and display 
colors of the LCD device; 

Fig. 6 is a diagram for explaining a scheme for set- 
ting voltage data corresponding to colors which ss 
cannot be displayed; 

Fig. 7 is a diagram exemplifying the output signal of 
a D/A converter; 



Fig. 8 is a CI E chromaticity diagram showing an ex- 
ample of the relation between applied voltages and 
display colors of the LCD device; 
Fig. 9 is a diagram for explaining a scheme for set- 
ting voltage data corresponding to colors which 
cannot be displayed; 

Fig. 1 0 is a circuit diagram of an LCD apparatus ac- 
cording to a second embodiment of this invention; 
Fig. 11 is a diagram showing the relation among 
voltages to be applied to an LCD device, colors dis- 
playable by the applied voltages and intermediate 
colors between the displayable colors; 
Fig. 1 2 is a circuit diagram of an LCD apparatus ac- 
cording to a third embodiment of this invention; 
Fig. 1 3 is a diagram showing the structure of a con- 
version table shown in Fig. 12; 
Fig. 14 is an RGB chromaticity diagram exemplify- 
ing the relation between applied voltages and dis- 
play colors of an LCD device, for explaining a 
scheme for setting voltage data corresponding to 
colors which cannot be displayed; 
Fig. 15A is a diagram showing one example of an 
image defined by output data of the conversion ta- 
ble, and Fig. 1 5B is a diagram showing one example 
of an image defined by output data of an intermedi- 
ate color controller; 

Fig. 16 is a diagram showing one example of the 
structure of the intermediate color controller shown 
in Fig. 12; 

Figs. 17A through 17D are timing charts for explain- 
ing the operation of the intermediate color controller 
shown in Fig. 16; Fig. 17A shows a desired voltage 
to be output (voltage specified by voltage data out- 
put from the conversion table) and an actually out- 
put voltage (voltage output from a D/A converter), 
Fig. 17B shows a coincidence signal S output from 
a comparator shown in Fig. 16, Fig. 17C shows out- 
put data of a second latch and Fig. 1 7D shows ac- 
tually displayed colors of individual pixels; 
Fig. 18 is a circuit diagram showing an example of 
the structure of a voltage generator; 
Fig. 19 is a diagram showing an example in which 
volume switches for adjusting voltages to be gen- 
erated from the voltage generator are arranged on 
one side of the LCD apparatus; 
Fig. 20 is a diagram showing how a display color 
changes in accordance with the manipulation of the 
volume switches; 

Fig. 21 is a circuit diagram exemplifying the struc- 
ture of the voltage generator; 
Fig. 22 is a circuit diagram showing another exam- 
ple the structure of the voltage generator; 
Fig. 23 is a CI E chromaticity diagram showing the 
detailed relation between applied voltages and dis- 
play colors of the LCD device shown in Fig. 2; and 
Fig. 24 is a circuit diagram of a voltage generator 
according to a fourth embodiment of this invention. 
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[0023] Preferred embodiments of the present inven- 
tion will now be described referring to the accompanying 
drawings. 

First Embodiment 

[0024] The structure of an electrically controlled biri- 
fringence (ECB) type LCD apparatus according to the 
first embodiment of this invention will be described with 
reference to Fig. 1 . 

[0025] As shown in Fig. 1 , this LCD apparatus com- 
prises a CPU 1 1 , a program memory 1 3, an image mem- 
ory (display memory) 15, a display controller 17, a con- 
version table 19, a D/A (Digital-to-Analog) converter 21 , 
an ECB (Electrically Controlled Birifringence) type ac- 
tive matrix LCD device 31 , a column driver (drain driver) 
33, and a row driver (gate driver) 35. The CPU 11 con- 
trols the overall system in accordance with a predeter- 
mined program. The program memory 1 3 stores the op- 
eration program of the CPU 11 , e.g., an image forming 
program. Image data is written in the image memory 15 
by the CPU 11. The display controller 17 sequentially 
reads image data from the image memory 1 5 under the 
control of the CPU 1 1 . The conversion table 1 9 converts 
the image data, read by the display controller 1 7, to 3-bit 
digital voltage data for each pixel. The D/A converter 21 
converts the voltage data, output from the conversion 
table 19, to an analog voltage. The column driver 33 
samples the output signals of the D/A converter 21 and 
supplies the sampled signals to transparent pixel elec- 
trodes 43 via thin film transistors (hereinafter referred to 
as TFTs) 45. The row driver 35 serves to turn on the 
TFTs 45. 

[0026] As shown in Fig. 2, the LCD device 31 com- 
prises a pair of transparent substrates 41 and 51 (e.g., 
glass substrates), a liquid crystal 56, a retardation plate 
52, a pair of polarization plates 53 and 54, and a reflector 
55. The substrates 41 and 51 face each other with a seal 
member SM in between. The liquid crystal 56 is ar- 
ranged between both substrates 41 and 51. The retar- 
dation plate 52 is located on the transparent substrate 
51 . Those components 41 , 51 , 56 and 52 are sandwich- 
es between the polarization plates 53 and 54. 
[0027] The pixel electrodes 43 and TFTs 45 having 
sources connected to the pixel electrodes 43 are ar- 
ranged in a matrix form on the substrate 41 as shown 
in Figs. 1 and 2. Gate lines (address lines) 47 are ar- 
ranged in a row direction, and each gate line 47 is con- 
nected to the gate electrodes of the associated row of 
TFTs 45, as shown in Fig. 1. Data lines (color signal 
lines) 49 are arranged in a column direction, and each 
data line 49 is connected to the drains of the associated 
column of TFTs 45. An alignment film 60 having under- 
gone a predetermined aligning process is provided on 
the pixel electrodes 43 and the TFTs 45, as shown in 
Fig. 2. The polarization plate 53 is located at the back 
of the substrate 41 , and the reflector 55 made of metal, 
such as aluminum, is provided at the back of the polar- 



ization plate 53. 

[0028] A transparent opposing electrode 58 opposing 
the individual pixel electrodes 43 is formed on the sub- 
strate 51 . An alignment film 59 having undergone a pre- 
5 determined aligning process is provided on the oppos- 
ing electrode 58. The retardation plate 52 is provided on 
the top surface of the substrate 51. The polarization 
plate 54 is provided on the top surface of this retardation 
plate 52. 

w [0029] Both substrates 41 and 51 are adhered via the 
frame-shaped seal member SM. The liquid crystal 56 is, 
for example, a nematic liquid crystal having the positive 
dielectric anisotropy. The liquid crystal 56 is sealed in a 
twisted state in the area surrounded by both substrates 
is 41 and 51 and the seal member SM. 

[0030] The alignment direction of the LC molecules in 
the vicinity of the alignment film 59 is shifted about 90, 
or 200 to 270 degrees counterclockwise, for example, 
• as viewed from the top with respect to the alignment di- 
20 rection of the LC molecules in the vicinity oHhe align- 
ment film 60 (azimuth of 0 degree). 
[0031] The transmission axis of the polarization plate 
54 extends in the direction of 30 degrees with respect 
to the azimuth of 0 degree as viewed from the above. 
25 The transmission axis of the polarization plate 53 ex- 
tends in the direction of 50 degrees with respect to the 
azimuth of 0 degree as viewed from the observing side. 
The phase delay axis of the retardation plate 52 is in- 
clined to the transmission axis of the polarization plate 
30 54. 

[0032] The LCD device 31 is of a reflection type. The 
incident light to this device 31 passes the polarization 
plate 54, the retardation plate 52, the liquid crystal 56 
and the polarization plate 53 in order, and is then reflect- 
35 ed at the reflector 55. The reflected light sequentially 
passes the polarization plate 53, the liquid crystal 56, 
the retardation plate 52 and the polarization plate 54 and 
then leaves the device 31 . 

[0033] The phase delay axis of the retardation plate 
40 52 is inclined to the transmission axis of the polarization 
plate 54. The linearly polarized light passing the polari- 
zation plate 54 becomes elliptically polarized light 
whose light components of individual wavelengths have 
different polarized states due to the birifringence effect 
45 while passing the retardation plate 52. This elliptically 
polarized light changes its polarized state by the birifrin- 
gence effect while passing the liquid crystal 56, and 
reaches the polarization plate 53. Only the component 
of the light of each wavelength in the direction of the 
50 transmission axis of the polarization plate 53 passes the 
polarization plate 53, and is reflected at the reflector 55. 
[0034] This reflected light undergoes the polarizing ef- 
fect and birifringence effect while sequentially passing 
the polarization plate 53, the liquid crystal 56 and the 
55 retardation plate 52. The light then enters the polariza- 
tion plate 54. Of the light having entered the polarization 
plate 54, only the polarized component in the direction 
of the transmission axis of the polarization plate 54 
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passes the polarization plate 54. As a result, the color 
according to the wavelength distribution of the transmit- 
■ ted light is displayed. The birifringence of the liquid crys- 
tal 56 changes in accordance with the voltage applied 
to the liquid crystal 56. The spectrum distribution of the 
outgoing light changes in accordance with a change in 
birifringence. The display of the LCD device 31 therefore 
changes in accordance with the voltage applied to the 
liquid crystal 56 (i.e., the voltage between the pixel elec- 
trode 43 and opposing electrode 58). 
[0035] The image data, produced by the CPU 11 and 
stored in the image memory 1 5, consists of, for example, 
6-bit data per pixel as shown in Fig. 3. The upper two 
bits of the image data expresses the luminance of red 
(R), the next two bits expresses the luminance of green 
(G) and the last two bits expresses the luminance of blue 
(B). The combined color of those three colors corre- 
sponds to the desirable color that is to be displayed at 
each pixel. 

[0036] The display controller 17 sequentially reads 
image data from the image memory 1 5 pixel by pixel and 
outputs the image data to the conversion table 1 9 under 
the control of the CPU 11. 

[0037] As shown in Fig. 4, the conversion table 19 
stores voltage data indicative of voltages to be applied 
to each pixel in order to display the color, indicated by 
the image data, in each memory area expressed by the 
image data as an address. The conversion table 1 9 out- 
puts voltage data for each pixel, stored at the location 
addressed by the image data supplied from the display 
controller 17. 

[0038] When the image data is "000000, " for example, 
a voltage V2 corresponding to voltage data "010" is ap- 
plied to the associated pixel (more specifically, between 
the pixel electrode 43 and the opposing electrode 58). 
When the image data is "000001," for example, a volt- 
age V2 corresponding to voltage data "010" is applied 
to the associated pixel. When the image data is 
"000010," for example, a voltage V3 corresponding to 
voltage data "011 " is applied to the associated pixel. 
[0039] The voltage data stored in the conversion table 
1 9 may be set as follows. 

[0040] First, the characteristic of the LCD device 31 
(characteristic of a change in display color with respect 
to the applied voltage) is obtained as indicated in the 
RGB color space in Fig. 5, for example. Then obtained 
eight colors CO to C7, which are displayed when eight 
voltages V0 (lowest) to V7 (highest) outputtable from the 
D/A converter 21 are applied. V0 to V7 are voltages with 
respect to the voltage of the opposing electrode 58. 
[0041] For each of 64 (2 2 x 2 2 x 2 2 ) colors defined by 
6-bit image data, the colors to be displayed to approxi- 
mate that color is selected from the eight colors C0-C7. 
When there is no associated color, a displayable color 
located closest in the RGB color space is selected as 
shown in, for example, Fig. 6, and voltage data corre- 
sponding to this color is set in the associated memory 
area. 



[0042] Then, the voltage data corresponding to the 
selected display color is set in the associated memory 
area in the conversion table 19. 
[0043] The D/A converter 21 receives 3-bit voltage 

5 data from the conversion table 1 9, converts this voltage 
data to an analog voltage signal of 0 V to 5 V and outputs 
this signal all under the control of the CPU 11 . The D/A 
converter 21 outputs a signal of a predetermined level 
in each horizontal sync period under the control of the 

10 CPU 11. Accordingly, the analog video signal output 
from the D/A converter 21 has a waveform as shown in 
Fig. 7. 

[0044] The column driver 33 samples one line of an- 
alog video signals supplied from the D/A converter 21, 

15 and sends the video signal, sampled previously by one 
horizontal scan period, to the associated data line 49. 
[0045] The row driver 35 sequentially applies a gate 
pulse of a predetermined pulse width to the gate lines 
47 in accordance with the timing signal from the CPU 

20 11. The TFTs 45 connected to the gate line 47 to which 
the gate pulse is applied is turned on. Voltages (write 
voltages) V0- V7 corresponding to display colors are ap- 
plied to the pixel electrodes 43 connected to the activat- 
ed TFTs 45. 

25 [0046] The row driver 35 disables the gate pulse im- 
mediately before the voltage applied to the data line 49 
is switched. Then, the TFTs 45 connected to the gate 
line 47 are turned off, and the write voltages applied up 
to that point are held in the capacitors (pixel capacitors) 

30 formed by the pixel electrodes 43, the opposing elec- 
trode 58 and the liquid crystal 56 lying between both 
electrodes 43 and 58. 

[0047] The voltages held in the pixel capacitors main- 
tain the alignment states of the LC molecules to keep 

35 the desired display colors. 

[0048] The operation of the LCD apparatus shown in 
Fig. 1 will be described below. 
[0049] The CPU 11 executes the program stored in 
the program memory 1 3, and properly writes image data 

40 defining an image to be displayed in the image memory 
15. The image data represents a color to be displayed. 
At the stage of preparing the programs to be executed 
by the CPU 11 , it is unnecessary to know the character- 
istic and the like of the LCD device to be used. Nor is it 

45 necessary to particularly consider the characteristic. 
Therefore, a programmer can prepare the programs on- 
ly in consideration of the operation of the CPU 11 and 
the colors of images to be displayed. 
[0050] The display controller 17 reads image data, 

so written in the image memory 1 5 by the CPU 1 1 , pixel by 
pixel (six bits each) by for each scan line, and sequen- 
tially supplies the image data to the address terminals 
of the conversion table 19. Stored at the location ad- 
dressed by the image data from the conversion table 1 9 

55 is 3-bit voltage data corresponding to the image data. 
The conversion table 1 9 reads the voltage data and sup- 
plies the data to the D/A converter 21 . 
[0051] The D/A converter 21 converts the 3-bit volt- 
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age data, sequentially supplied from the conversion ta- 
ble 1 9, to an analog voltage, and outputs it as an analog 
video signal as shown in Fig. 7. 
[0052] The column driver 33 samples the video signal 
for one line, supplied from the D/A converter 21, and 
outputs the sampled signals to the data line 49 in the 
next horizontal scan period. 
[0053] The row driver 35 sequentially applies the gate 
pulse to the gate lines 47 in accordance with the timing 
signal from the CPU 11 to sequentially select (scan) the 
pixel electrodes 43. Voltages corresponding to the dis- 
play colors are applied via the data line 49 and the TFTs 
45 to the selected row of pixel electrodes 43. The volt- 
ages may correspond to the colors which are intended 
to be displayed, or may correspond to displayable colors 
close to the colors which are intended to be displayed. 
[0054] The row driver 35 disables the gate pulse im- 
mediately before the voltage applied to the data line 49 
is switched. Consequently, the associated TFTs 45 are 
turned off, and the write voltages are held in the capac- 
itors formed by the pixel electrodes 43, the opposing 
electrode 58 and the liquid crystal 56 lying between both 
electrodes 43 and 58. Therefore, the alignment states 
of the LC molecules in a non-selection period are kept 
to the desired states, and the desired birifringence is 
maintained, thereby keeping the display colors. 
[0055] By repeating the above operation, an image 
substantially identical to the image defined by the image 
data stored in the image memory 15 is displayed on the 
LCD device 31. 

[0056] According to this embodiment, as described 
above, the proper color image can be displayed on the 
ECB LCD device based on RGB image data. Even a 
color the ECB LCD device cannot display is designated, 
a displayable color close to the designated one is prop- 
erly selected and displayed. 
[0057] In creating a display program to be stored in 
the program memory 1 3, a programmer need not con- 
sider the "applied voltage v.s. display colors character- 
istic of the LCD device 31 , but should consider only color 
images that may be displayed. This therefore facilitates 
the preparation of programs. 
[0058] Even when the LCD devices 31 of different 
characteristics are available, arbitrary color images can 
be prepared in accordance with the characteristic of the 
LCD device in use by simply altering the stored data in 
the conversion table 19 without amending the display 
program itself. 

[0059] Although the contents of the conversion table 
19 are set on the basis of the applied voltages and dis- 
play colors on the RGB chromaticity diagram, the con- 
tents of the conversion table 1 9 may be set on the basis 
of the locus of the display colors on the CIE chromaticity 
diagram shown in Fig. 8. In this case, for colors that can- 
not be displayed, voltage data corresponding to display- 
able colors closest to the undisplayable colors on the 
chromaticity diagram should be set in the conversion ta- 
ble. Alternatively, the chromaticity diagram may be sep- 



10 

arated radially with white points as reference points, so 
that colors belonging to each segmented area can be 
replaced with displayable colors within that segmented 
area, as shown in Fig. 9. 

s [0060] When the ECB LCD devices 31 of different 
characteristics are to be used, arbitrary color images 
can be prepared in accordance with the characteristic 
of the LCD device in use by simply changing the voltag- 
es to be generated and without amending the display 

io program itself. 

Second Embodiment 

[0061] Although a voltage to be applied to each pixel 

is is obtained by the D/A conversion of the output data of 
the conversion table 19 in the first embodiment, for ex- 
ample, one of voltages previously produced, may be se- 
lectively output instead in accordance with the output 
data of the conversion table 19. 

20 [0062] Fig. 10 shows the circuit structure of an ECB 
type LCD apparatus designed in such a way. 
[0063] The basic structure of this LCD apparatus is 
the same as the circuit structure of the LCD apparatus 
of the first embodiment shown in Fig. 1 . It is to be noted 

25 however that the D/A converter 21 is replaced with a 
voltage generator 61 for producing eight types of prede- 
termined voltages V0 to V7 and a multiplexer 62 which 
selectively outputs one of the eight voltages V0-V7, pro- 
duced from the voltage generator 61 , in accordance with 

30 the output of the conversion table 1 9. 

[0064] The operation of the LCD apparatus shown in 
Fig. 10 will be described below. 
[0065] The display controller 17 reads image data, 
written in the image memory 15 by the CPU 11, pixel by 

35 pixel (six bits each) by for each scan line, and sequen- 
tially supplies the image data to the address terminals 
of the conversion table 19. The conversion table 19 
stores voltage data shown in Fig. 4 and outputs 3-bit 
voltage data corresponding to image data to the multi- 

^o plexer 62. 

[0066] The multiplexer 62 selects one of the voltages 
from the voltage generator 61, in accordance with the 
3-bit selection data, sequentially supplied from the con- 
version table 1 9, and outputs the selected voltage as an 

45 analog video signal as shown in Fig. 7. 

[0067] The column driver 33 samples one line of video 
signals, supplied from the multiplexer 62, and outputs 
the sampled signals to the data line 49 in the next hori- 
zontal scan period, as in the first embodiment. 

so [0068] The row driver 35 sequentially applies the gate 
pulse to the gate lines 47 to turn on the associated row 
of TFTs 45 as in the first embodiment. Consequently, 
write voltages are applied to the liquid crystal. 
[0069] The row driver 35 disables the gate pulse tm- 

55 mediately before the voltage applied to the data line 49 
is switched. Consequently, the TFTs 45 connected to the 
gate line whose input gate pulse has been disabled are 
turned off, causing the write voltages to be held in the 
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capacitors formed by the pixel electrodes 43, the oppos- 
ing electrode 58 and the liquid crystal 56 lying therebe- 
tween. Therefore, the alignment states of the LC mole- 
cules in a non-selection period are kept to the desired 
states, and the desired birifringence is maintained, 
thereby keeping the display colors. 
[0070] According to this embodiment, as described 
above, the proper color image can be displayed on the 
ECB LCD device based on RGB luminance signals too. 
[0071] In this embodiment, the contents of the con- 
version table 1 9 may be set on the basis of the relation 
between the applied voltages and display colors on the 
RGB chromaticity diagram or the locus of the display 
colors on the CIE chromaticity diagram, too. 
[0072] According to this invention, as apparent from 
the above description, any designated display color is 
automatically converted to the associated voltage, so 
that the proper color image can be displayed on the LCD 
device. Even when a color the LCD device cannot dis- 
play is designated, a displayable color close to the des- 
ignated color is selected and is automatically converted 
to the associated voltage, so that the proper color dis- 
play image can be obtained. 
[0073] When the LCD devices of different character- 
istics are to be used, arbitrary color images can be pre- 
pared in accordance with the characteristic of the LCD 
device in use by simply changing the voltages to be gen- 
erated and without amending the display program itself. 

Third Embodiment 

[0074] Given that voltages to be applied to an ECB 
type LCD device, which shows a voltages-display colors 
characteristic as shown in Fig. 11, are V1 and V2 and 
display colors for those voltages are CL1 and CL2, if this 
characteristic can be approximated substantially to a 
straight line, an intermediate color CL3 between the 
colors CL1 and CL2 can approximately be expressed 
by the mixture of colors of a plurality of pixels by alter- 
nately arranging the pixel with the color CL1 and the pix- 
el with the color CL2. 

[0075] Likewise, a color CL4, which lies between the 
colors CL3 and CL2 on the voltages-display colors char- 
acteristic chart, can approximately be expressed by se- 
quentially arranging one pixel with the color CL1 and 
three pixels with the color CL2. 
[0076] Because of the limitation to the number of volt- 
ages to be applied to each pixel of the LCD device, 
therefore, a color which cannot be displayed by each 
pixel alone is approximated to a color obtained by mixing 
the display colors of a plurality of pixels in this embodi- 
ment. 

[0077] The structure of the ECB type LCD apparatus 
of this embodiment will now be discussed with reference 
to Fig. 12. 

[0078] In this embodiment, like in the first and second 
embodiments, eight voltages VO to V7 are actually ap- 
plicable to the individual pixels of the LCD device and 



1 5 colors can be displayed by mixing the colors of a plu- 
rality of pixels. 

[0079] The basic structure of this LCD apparatus is 
the same as that of the first embodiment. It is to be noted 

s however that the conversion table 19 stores 4-bit volt- 
age data corresponding to image data read by the dis- 
play controller 17. Provided between the conversion ta- 
ble 1 9 and the D/A converter 21 (which may be the mul- 
tiplexer 52) is an intermediate color controller 65 which 

10 converts the 4-bit voltage data from the conversion table 
1 9 to 3-bit voltage data. 

[0080] In this embodiment, the stored data (voltage 
data) in the conversion table 19 is set, for example, as 
follows. 

15 [0081] First, the characteristic of the ECB type LCD 
device 31 in use (the characteristic of a change in the 
display color of a pixel with respect to an applied volt- 
age) is obtained as shown in the RGB chromaticity 
space in Fig. 14, for example. 

20 [0082] Then obtained are eight colors which are dis- 
played when eight voltages VO (minimum) to V7 (max- 
imum) outputtable from the D/A converter 21 are ap- 
plied. Further obtained are seven intermediate colors 
which are displayed when intermediate voltages 

25 (V0+V1 )/2 to (V6+V7J/2 are applied. 

[0083] For the actually displayable eight colors, the 
associated voltage data are set to "0000" to "11 10" with 
their LSB set to "0." For the intermediate colors, the as- 
sociated voltage data are set to "0001" to "1101" with 

30 their LSB set to "1." 

[0084] Next, for each of 64 (2 2 x 2 2 x 2 2 ) colors defined 
by a total of six bits, the closest color is obtained from 
the aforementioned 1 5 colors and 4-bit voltage data cor- 
responding to this display color is set in the associated 

35 memory area in the conversion table 1 9. 

[0085] When supplied with any of voltage data "0000" 
to "1110" corresponding to the colors which can be dis- 
played pixel by pixel, the intermediate color controller 
65 outputs 3-bit voltage data for displaying that color. 

40 [0086] When one piece of voltage data "0001" to 
■1101,° corresponding to the intermediate colors which 
cannot be displayed pixel by pixel, is supplied to the in- 
termediate color controller 65 from the conversion table 
1 9, the intermediate color controller 65 outputs 3-bit volt- 

45 age data for displaying a displayablecolor close to the 
intermediate color. When some pieces of voltage data 
"0001 ' to '1101 " are continuously supplied to the inter- 
mediate color controller 65, the intermediate color con- 
troller 65 outputs 3-bit voltage data for displaying dis- 

50 playable colors on both sides of the intermediate color, 
thereby displaying the designated intermediate color by 
the mixed color. 

[0087] More specifically, when supplied with voltage 
data with the LSB of "0" or voltage data ■XXXO," the in- 
55 termediate color controller 65 outputs data "XXX" which 
consists of the upper three bits of the received data. 
When supplied with a single piece of voltage data with 
the LSB of "1 " or voltage data "XXX1 the intermediate 
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color controller 65 outputs data "XXX" which consists of 
the upper three bits of the received data. When contin- 
uously supplied with pieces of voltage data with the LSB 
of "1" or voltage data "XXX1," the intermediate color 
controller 65 alternately outputs data "XXX, 0 which con- 
sists of the upper three bits of the received data, and 
data "XXX+001." Accordingly, the average value of the 
voltages applied to two adjoining pixels becomes sub- 
stantially equal to the voltage specified by the 4-bit volt- 
age data output from the conversion table 19. 
[0088] The D/A converter 21 receives 3-bit voltage 
data from the intermediate color controller 65 and con- 
verts the data to any of eight levels of voltages V0 to V7 
within the range of 0 V to 5V, under the control of the 
CPU 11. 

[0089] The operation of the LCD apparatus shown in 
Fig. 12 will be described below. 
[0090] The display controller 17 reads image data 
from the image memory 15 pixel by pixel (six bits each) 
by for each scan line, and sequentially supplies the im- 
age data to the address terminals of the conversion ta- 
ble 1 9. The conversion table 1 9 reads 4-bit voltage data 
stored at the location addressed by the image data, and 
supplies the voltage data to the intermediate color con- 
troller 65. 

[0091] When supplied with voltage data with the LSB 
of "0" from the conversion table 19, the intermediate 
color controller 65 extracts and outputs the upper three 
bits of the received data. When supplied with a single 
piece of voltage data with the LSB of "1 ," the intermedi- 
ate color controller 65 extracts and outputs the upper 
three bits of the received data. When continuously sup- 
plied with pieces of voltage data with the LSB of "1 the 
intermediate color controller 65 alternately outputs data 
consisting of the upper three bits of the received data 
and data obtained by adding "001 1 to those upper three 
bits. 

[0092] When the colors of the individual pixels defined 
by image data output from the conversion table 1 9 are 
arranged as shown in Fig. 15A, the image defined by 
the 3-bit voltage data output from the intermediate color 
controller 65 becomes as shown in Fig. 15B. 
[0093] In Figs. 1 5A and 1 5B, C0-C7 indicate colors to 
be displayed when the voltages V0-V7 are applied, and 
C01-C67 indicate the intermediate colors from the inter- 
mediate color between CO to C1 to the one between C6 
and C7. 

[0094] The D/A converter 21 converts the 3-bit volt- 
age data, sequentially supplied from the intermediate 
color controller 65, to an analog voltage, and outputs it 
as an analog video signal as shown in Fig. 7. 
[0095] By repeating the above operation, pixels of 
colors close to intermediate colors are alternately ar- 
ranged at the portion where the intermediate color are 
continuously specified, as shown in Figs. 15Aand 15B. 
Those colors are visually mixed and their intermediate 
colors or the colors which have been intended to be dis- 
played are displayed on the LCD device 31 . 



[0096] One example of the specific structure of the in- 
termediate color controller 65 will be described below 
with reference to Fig. 16. 

[0097] Voltage data Dt consisting of m+<x bits (m = 3, 
s a = 1), output from the conversion table 19, is supplied 
to a first latch 71 , a comparator 73 and an adder 75. The 
first latch 71 delays the input data by one clock period 
(one pixel period). 

[0098] Voltage data DM , which is the voltage data Dt 
io delayed by one clock period by the first latch 71 , is also 
supplied to the comparator 73. The comparator 73 out- 
puts a coincidence signal S of a level "1 " when two input 
data coincide with each other, and outputs a coinci- 
dence signal S of a level "0" when both input data do 
15 not coincide with each other. 

[0099] The adder 75 receives the voltage data Dt out- 
put from the conversion table 1 9 and data from a second 
latch 79, which will be discussed later. The adder 75 
adds two input data and outputs the resultant data when 
20 the coincidence signal S has the level D 1 " and directly 
outputs the voltage data Dt, output from the conversion 
table 19, when the coincidence signal S has the level 
"0." 

[0100] A rounding unit 77 extracts upper m bits from 
25 (m+a)-bit data supplied from the adder 75 and outputs 
those bits as data dt to the D/A converter 21, and ex- 
tracts lower a bits from the (m+a)-bit data supplied from 
the adder 75 and outputs those bits to the second latch 
79. 

30 [0101] The operation of the intermediate color control- 
ler 65 shown in Fig. 16 will be described below referring 
to Figs. 17A through 17D. 

[0102] In Fig. 17A, the solid line indicates voltages 
specified by 4-bit voltage data output from the conver- 
ts sion table 19 (voltages corresponding to the colors in- 
tended to be displayed), namely any of the voltages 
V0-V7 actually applicable to the liquid crystal and their 
intermediate values. The broken line indicates voltages 
specified by 3-bit voltage data output from the rounding 
40 unit 77, namely any of the voltages V0-V7 outputtable 
from the D/A converter 21 . 

[0103] Fig. 17B indicates the coincidence signal S 
output from the comparator 73, Fig. 17C indicates the 
output data of the second latch 79, and Fig. 17D indi- 

45 cates the colors of the individual pixels to be displayed. 
[0104] In the initial state, the output signal S of the 
comparator 73 has a level "0" as shown in Fig. 1 7B, and 
the adder 75 directly outputs 4-bit voltage data output 
from the conversion table 19, e.g., "1001. "The rounding 

50 unit 77 extracts the upper 3 bits "100" from the output 
of the adder 75 and supplies those bits to the D/A con- 
verter 21 . The D/A converter 21 converts the voltage da- 
ta "100" to an analog voltage V4, as shown in Fig. 17A, 
and supplies it to the column driver 33. Consequently, 

55 the display color of the associated pixel becomes the 
color C4 corresponding to the voltage V4 as shown in 
Fig. 1 7D. The rounding unit 77 supplies the LSB "1 " of 
the 4-bit voltage signal "1001" to the second latch 79. 
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Therefore, the output of the second latch 79 becomes 
"1" as shown in Fig. 17C. 

[0105] When the voltage data '100r is read again 
from the conversion table 19, the previous voltage data 
held in the first latch 71 matches with the current voltage 
data and the comparator 73 outputs the coincidence sig- 
nal S of the level " 1" as shown in Fig. 1 7B. In accordance 
with this coincidence signal S, the adder 75 adds the 
voltage data "1001" from the conversion table 19 and 
the data "1 " held in the second latch 79, and outputs the 
resultant data "101 0." The rounding unit 77 extracts the 
upper 3 bits "101" from the data "1010° and supplies the 
voltage data n 1 01 " to the D/A converter 2 1 . The D/A con- 
verter 21 converts the voltage data "101" to an analog 
voltage V5 as shown in Fig. 17A, and supplies the ana- 
log voltage V5 to the column driver 33. Consequently, 
the display color of the associated pixel becomes the 
color C5 corresponding to the voltage V5 as shown in 
Fig. 17D. The rounding unit 77 supplies the LSB n 0 B of 
the data "1010" to the second latch 79, which latches 
the input data as shown in Fig. 17C. 
[0106] When the voltage data "1001" is read again 
from the conversion table 1 9, the comparator 73 outputs 
the coincidence signal S of the level "1" as shown in Fig. 
17B. The adder 75 adds the voltage data "1001" from 
the conversion table 1 9 and the data "0" held in the sec- 
ond latch 79, and outputs the resultant data "1001 ." The 
rounding unit 77 extracts the upper 3 bits " 1 00" from the 
data "1001" and supplies the voltage data "100" to the 
D/A converter 21 . The D/A converter 21 supplies the an- 
alog voltage V4 to the column driver 33. Consequently, 
the display color of the associated pixel becomes the 
color C4 corresponding to the voltage V4 as shown in 
Fig. 17D. The rounding unit 77 supplies the LSB "1" of 
the data "1001" to the second latch 79, which latches 
the input data as shown in Fig. 17C. 
[0107] As a similar operation is repeated and every 
time the conversion table 19 continuously outputs the 
4-bit voltage data "1001," the D/A converter 21 supplies 
the voltages V4 and V5 to the column decoder 33 in or- 
der. The column decoder 33 samples the supplied volt- 
ages V4 and V5 and applies the sampled voltages to 
the associated pixel electrodes 43. Consequently, the 
pixels for the color C4 and the pixels for the color C5 are 
alternately arranged as shown in Fig. 17D and the inter- 
mediate color C45 is displayed by the mixture of the 
former two colors. 

[01 08] When the voltage data output from the conver- 
sion table 19 changes to another value, e.g., "1000" cor- 
responding to the voltage V4, the comparator 73 outputs 
the coincidence signal S of the level "0" as shown in Fig. 
17B. The adder 75 directly outputs the voltage data 
"1000" output from the conversion table 19. The round- 
ing unit 77 extracts the upper 3 bits "100" from the data 
"1000" and supplies the voltage data "100" to the D/A 
converter 21 . The D/A converter 21 supplies the analog 
voltage V4 to the column driver 33, as shown in Fig. 1 7A. 
Consequently, the display color of the associated pixel 



becomes the color C4 corresponding to the voltage V4 
as shown in Fig. 17D. The rounding unit 77 supplies the 
LSB "0" of the data "1000° to the second latch 79, which 
latches the input data as shown in Fig. 17C. 

5 [0109] When the voltage data "1000" is read again 
from the conversion table 19, as shown in Fig. 17A, the 
comparator 73 outputs the coincidence signal S of the 
level "1" as shown in Fig. 17B. The adder 75 adds the 
voltage data "1000" from the conversion table 19 and 

10 the data "0" held in the second latch 79, and outputs the 
resultant data "1000." The rounding unit 77 extracts the 
upper 3 bits "1 00" from the data "1 000" and supplies the 
voltage data "1 00" to the D/A converter 21 . The D/A con- 
verter 21 supplies the analog voltage V4 to the column 

*5 driver 33, as shown in Fig. 17A. Consequently, the dis- 
play color of the associated pixel becomes the color C4 
corresponding to the voltage V4 as shown in Fig. 17D. 
The rounding unit 77 supplies the LSB "0 U of the voltage 
data "1000° to the second latch 79, which latches the 

20 input data as shown in Fig. 17C. 

[0110] As a similar operation is repeated and every 
time the conversion table 19 continuously outputs the 
4-bit voltage data "1000," the voltage V4 is supplied to 
the column decoder 33. The column decoder 33 sam- 

25 pies the supplied voltage V4 and applies the sampled 
voltage to the associated pixel electrode 43. 
[0111] Although the foregoing description of this em- 
bodiment has been given of the case where intermedi- 
ate colors of the colors that can actually be displayed by 

30 the application of the voltages V0-V7 are displayed as 
approximated colors, the interval between actually dis- 
playable colors may be divided into multiple segments 
on the chromaticity diagram, thus increasing the number 
of approximated display colors, as illustrated with refer- 

35 ence to Fig. 11. In this case, the applied voltages are 
arranged in such a manner that the average value of the 
applied voltages to a plurality of pixels becomes equal 
to the voltage to be applied to the liquid crystal in order 
to display the desirable color in view of the characteristic 

40 of the LCD device. 

[011 2] For example, by setting the voltage data output 
from the conversion table 19 to 5 bits and setting the 
number of bits, m and a, of the intermediate color con- 
troller 65 having the structure shown in Fig. 16 to "3" 

45 and "2," respectively, the interval between actually dis- 
playable colors on the chromaticity diagram can be 
equally segmented by four to ensure the approximate 
display of the intermediate colors. 
[011 3] The number of types of voltages applicable to 

so the LCD device 31 may be set greater than eight. In this 
case, the number of bits of voltage data output from the 
intermediate color controller 65 should be set equal to 
or greater than 4 bits and the number of bits of voltage 
data output from the conversion table 1 9 should be 4 

55 bits plus the number of bits necessary to specify an ap- 
proximated display color. 

[0114] It is desirable that the interval between applied 
voltages be such that the characteristic between the ap- 
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plied voltages can be approximated by a straight line. 
[0115] According to this embodiment, as described 
above, the colors, which are displayable in view of the 
characteristic of the LCD device but which are not actu- 
ally displayable due to the limited number of applied volt- 
ages, can be displayed by mixing the colors of a plurality 
of pixels. It is therefore possible to display an image con- 
taining multiple colors with a limited number of drive volt- 
ages. 

[0116] Although the output of the intermediate color 
controller 65 is subjected to D/A conversion in the D/A 
converter 21 to acquire an analog voltage to be applied 
to each pixel electrode 43 in this embodiment, another 
method may be employed as well. 
[0117] For example, the voltage generator 61, which 
comprises a power supply circuit or the like for output- 
ting the voltages V0- V7, may be provided, and the out- 
put voltage of the voltage generator 61 may be selec- 
tively supplied to the column driver 33 in accordance 
with the output data of the intermediate color controller 
65 as in the second embodiment. 

Fourth Embodiment 

[0118] The display colors of an ECB type LCD appa- 
ratus depend on applied voltages, making it necessary 
to accurately set the applied voltages. Some users may 
prefer to change display colors. From this viewpoint, it 
is effective that the voltage generator 61 of the second 
embodiment is equipped with a voltage regulating ca- 
pability. 

[01 1 9] For example, the voltages V0-V7 may become 
variable by producing the voltages by using a voltage 
divider as shown in Fig. 18. Alternatively, the voltage 
generator 61 may comprise a capacitance dividing cir- 
cuit using a variable capacitor to provide a variable out- 
put voltage. 

[0120] Volumes VS for adjusting voltages may be ar- 
ranged on one side or the like of the LCD apparatus 25 
as shown in Fig. 19. The user may operate the volumes 
VS to regulate the voltage applied to the pixel electrodes 
43, thus adjusting the display colors. 
[0121] The structure shown in Fig. 18 however com- 
plicates the adjustment and increases the consumed 
power. 

[0122] Circuits shown Figs. 21 and 22 may be used 
as the voltage generator. 

[0123] In the example shown in Fig. 21, a plurality of 
resistors R are connected in series between supply volt- 
ages VEE1 and VEE2, and the voltage at each node 
between the resistors R is output as a drive voltage via 
an amplifier A. In this structure, only one resistor R is 
constituted of a variable resistor VR. 
[0124] In the example shown in Fig. 22, a plurality of 
variable resistors VR are connected in series between 
supply voltages VEE1 and VEE2, and the voltage at 
each node between the variable resistors VR is output 
as a drive voltage via an amplifier A. 



[0125] The voltage generator having the structure 
shown in Fig. 21 is suitable for an LCD device of an or- 
dinary like the TN type, which changes the luminance 
in accordance with a change in applied voltage. The fine 

s adjustment of each drive voltage is not however possi- 
ble in this voltage generator. When this voltage gener- 
ator is used for an ECB type LCD device which greatly 
changes both the display color and display gradation 
even by a slight voltage difference, it is not easy to ac- 

10 quire pleasant images. 

[0126] Although the voltage generator having the 
structure shown in Fig. 22 can generate an output volt- 
age having the accurate voltage value, it suffers a diffi- 
culty in adjusting the voltage. 

f£ [0127] A description will now be given of an embodi- 
ment of the most suitable voltage generator for driving 
an ECB type LCD device, with reference to the accom- 
panying drawings. 

[0128] Fig. 23 exemplifies a CIE (x, y) chromaticity di- 
20 agram showing the relation between applied voltages 
and display colors of the LCD device 31 . 
[0129] In the example shown in Fig. 23, the display 
color "yellow" Y responds very sensibly to a change in 
applied voltage. More specifically, the applied voltage to 
25 display yellow has a very narrow range of about 0.1 V, 
causing the yellow color to vary by even a slight change 
in applied voltage. The display color "red" does not vary 
much even when the applied voltage changes. 
[01 30] A description will now be given of the structure 
30 of the voltage generator 61 suitable for driving the LCD 
device 31 having the above-described characteristic, 
with reference to Fig. 24. 

[0131] As shown in Fig. 24, the voltage generator 61 
comprises a voltage divider 100, a first variable voltage 

35 circuit 1 01 and a second variable voltage circuit 1 02. 
[01 32] The voltage divider 1 00 is formed by connect- 
ing N+1 fixed resistors R having fixed resistances in se- 
ries. The voltages at N nodes between the fixed resis- 
tors R are supplied as voltages \/^ to V N to the multi- 

40 plexer 62 via amplifiers A 1 to A N for impedance conver- 
sion. The amplifiers A, to A^, have a voltage amplifica- 
tion factor of 1 . The resistances of the individual fixed 
resistors R need not be the same, but are properly set 
to acquire the desired voltages Vj to V N . 

45 [01 33] The voltages V, to V N serve to display the de- 
sired colors on the chromaticity diagram shown in Fig. 
23. Of those voltages Vj to V N , the voltage V 2 is set to 
a voltage (Vyellow) for displaying yellow and the voltage 
V N .! is set to a voltage (Vblack) for displaying black. 

50 [01 34] The first variable voltage circuit 101 has a var- 
iable resistor (volume) VR, and a fixed resistor FR^ con- 
nected in series between the supply voltages VEE1 and 
VEE2. The amplifier A V1 has an input terminal connect- 
ed to the node between the variable resistor VR 1 and 

55 the fixed resistor FR 1 and an output terminal connected 
to the node between the fixed resistors R 2 and R 3 of the 
voltage divider 100. 

[01 35] The voltage at the node between the variable 
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resistor VF^ and the fixed resistor FF^ is set equal to 
the voltage Vyellow. The amplification factor of the am- 
plifier A V1 is set to '1 ' and the voltage at the node be- 
tween the fixed resistors R2 and R 3 of the voltage divider 
100 is set equal to the voltage Vyellow. 
[0136] The second variable voltage circuit 102 has a 
variable resistor (volume) VR 2 and a fixed resistor FR 2 
connected in series between the supply voltages VEE1 
and VEE2. The amplifier A V2 has an input terminal con- 
nected to the node between the variable resistor VR2 
and the fixed resistor FRg and an output terminal con- 
nected to the node between the fixed resistors R N and 
R N>1 of the voltage divider 100. 
[0137] The voltage at the node between the variable 
resistor VR 2 and the fixed resistor FR 2 is set equal to 
the voltage Vyellow. The amplification factor of the am- 
plifier A V2 is set to "1" and the voltage at the node be- 
tween the fixed resistors R N and R N ., of the voltage di- 
vider 100 is set equal to the voltage Vblack. 
[0138] As the resistance of the variable resistor VR } 
is adjusted, the output voltage of the first variable volt- 
age circuit 101 is changed, thus changing the voltage at 
the node between the fixed resistors l^ and R 3 of the 
voltage divider 100 or the voltage Vyellow. 
[01 39] Likewise, as the resistance of the variable re- 
sistor VR 2 is adjusted, the output voltage of the second 
variable voltage circuit 102 is changed, thus changing 
the voltage at the node between the fixed resistors 
and R N ^ of the voltage divider 100 or the voltage 
Vblack. 

[0140] The drive voltages V 3 to V N . 2 are obtained by 

dividing the drive voltage Vyellow and drive voltage 

Vblack by the fixed resistors R 3 to R N . V 

[0141] While the human vision is very sensitive to the 

display color "black" and can sensitively discriminate its 

change, the human vision does not respond to "gray" so 

much. 

[01 42] While the LCD device having the characteristic 
shown in Fig. 23 causes a sensitive change in 'yellow' 
as the display color with respect to a voltage change 
and causes a color deviation with a slight voltage vari- 
ation, the display color "red" does not respond to a volt- 
age change so much. 

[0143] It is therefore necessary to accurately adjust 
the drive voltages Vblack and vyellow for displaying 
'black' and "yellow,' and no significant problem would 
arise with respect to "gray" and "red" if the voltage is 
shifted from the reference value somewhat. 
[0144] In the structure shown in Fig. 24, the voltage 
Vyellow output from the first variable voltage circuit 101 
can be adjusted accurately by adjusting the variable re- 
sistor VR V The voltage Vblack output from the second 
variable voltage circuit 102 can be adjusted accurately 
by adjusting the variable resistor VRg. 
[0145] With regard to the other drive voltages, the 
voltages obtained by the voltage division by the fixed 
resistors B : to R N+1 are used directly. Thus, those volt- 
ages cannot be adjusted finely. Even when those volt- 



age slightly vary, the display colors of the LCD device 
do not change. Even if the display colors vary due to a 
voltage variation, human beings cannot sense it, thus 
raising no problem at all. 

s [01 46] The structure of this embodiment permits volt- 
age adjustment only on the voltages for displaying 
colors which drastically change with a voltage variation 
and the voltages for displaying colors to which human 
beings are very sensitive. It is therefore easy to adjust 

10 the display colors. 

[01 47] Although the drive voltages are led out from all 
the nodes between the fixed resistors R : to R N+1 con- 
stituting the voltage divider 100 in the structure shown 
in Fig. 24, the applied voltage may be acquired only from 

is some nodes. 

[01 48] Although the voltages at the nodes of the volt- 
age divider 100 are set by the outputs of the first and 
second variable voltage circuits 101 and 102, the out- 
puts of the first and second variable voltage circuits 101 

20 and 1 02 may be output directly as the voltages vyellow 
(V 2 ) and Vblack (V^) and the other voltages may be 
obtained from the voltage divider 100. 
[0149] Although the voltage divider 100 and the first 
and second variable voltage circuits 101 and 102 are 

25 constituted of resistors, they may be constituted of an- 
other type of impedance elements, such as capacitors. 
[01 50] Although the output of the voltage divider 1 00 
is output via the amplifiers AtA n+1 for impedance con- 
version, the amplifiers are not essential. 

30 [0151] The structure for regulating the voltages is not 
limited to the particular type of the above-described em- 
bodiment, but other structures may also be employed 
as long as they can adjust the voltages at the necessary 
portions. 

35 [0152] The voltage for displaying the color "black" to 
which human beings are very sensitive and the voltage 
for displaying the color "yellow" for which the LCD de- 
vice is very sensitive to a voltage variation are adjusta- 
ble in the above-described embodiment. Three or more 

40 voltage regulators to adjust "black," "yellow" and "blue, 
" for example, may be provided. From the viewpoint of 
easier adjustment, it is desirable that the number of ad- 
justable voltages should be equal to or less than a half 
of the number of actually produced voltages. 

45 [0153] The foregoing description of this embodiment 
has been given with reference to an LCD device whose 
display color "yellow" is sensitive to a change in voltage. 
When another color is sensitive to a voltage change due 
to the viewpoint of the structure of the device, the volt- 

50 age for producing that color should be made adjustable. 
[0154] According to this embodiment, as described 
above, the display colors can be finely adjusted by reg- 
ulating the applied voltages and the adjustment is easy. 
[0155] In the above -described embodiments, a table 

55 is used as the simplest means for converting image data 
to voltage data. But, the applied voltages-display colors 
characteristic shown in Fig. 5 or Fig. 8 may be stored in 
the form of a function in the memory and voltage data 
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may be obtained by performing some calculations every 
time image data is supplied. 

[01 56] Although image data in use consists of two bits 
for each of RGB, a total of 6 bits, in the above-described 
embodiments, the number of bits is not fixed. Image da- s 
ta may consist of RGB image data and luminance data 
I indicative of the luminance. Image data may consist of 
data indicating the luminance of yellow, cyan and ma- 
genta. In this case, voltages for displaying displayable 
colors closest to the combined colors of the individual 10 
colors designated by yellow, cyan and magenta image 
data are set in the conversion table 19. Further, this in- 
vention may be widely applied to the case where an ECB 
type LCD device is driven by using image data which 
specifies a plurality of colors of different wavelength is 
bands. 

[0157] Although the illustrated examples of the 
above -described embodiments convert the RGB lumi- 
nance signals to voltages to be applied to the individual 
pixels of the LCD device 31 , TV video signals (compos- 
ite video signals) of the NTSC system, or the like may 
be converted to voltages to be applied to the individual 
pixels of the LCD device LCD device 31 using a table. 
[01 58] In this case, a composite video signal may be 
converted to a digital composite video signal, and this 25 
digital signal may be temporarily converted to RGB lu- 
minance signals, which should be set in the conversion 
table 19. The conversion table 19 may be prepared for 
digital composite video signal. 

[0159] In the first to fourth embodiments, for easier 30 
understanding, nothing has been discussed on the so- 
called polarity inversion for inverting the voltage for driv- 
ing the LCD device 31 every predetermined period. 
However, the polarity of the voltage to be applied to the 
LCD device 31 may be inverted every line period, every 35 
field and so forth. In this case, the D/A converter 21 con- 
verts voltage data to voltages having positive and neg- 
ative polarities, and one of the voltages is selectively 
supplied to the column driver 33 via some proper switch- 
ing circuit. The voltage generator 61 converts voltage 40 
data to voltages V0 to V7 of both polarities one of which 
is selected by the multiplexer 62. The selected voltage 
is supplied to the column driver 33. The voltage to the 
opposing electrode 58 is also inverted in synchronism 
with the inversion of the polarity of the write voltage. *s 
Those are the same operations as performed in the prior 
art. 

[0160] In the LCD devices of the first to fourth embod- 
iments, a nematic liquid crystal having the positive die- 
lectric anisotropy is aligned twisted in the LC cell. How- so 
ever, this invention may be adapted for various other 
types of display devices, such as a DAP (Deformation 
of Aligned Phase) type which uses a cell having LC mol- 
ecules in a homeotropic alignment, a parallel aligned 
nematic (homogeneous) type which uses a cell having ss 
LC molecules aligned in a twistless homogeneous form, 
an HAN (Hybrid Aligned Nematic) type which uses a cell 
having LC molecules aligned perpendicular on the sur- 
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face of one substrate and parallel oh the surface of the 
other substrate with the alignment continuously chang- 
ing between both substrates, and an LC alignment 
mode type which uses a cell having an LC layer whose 
LC molecules change between the splay alignment and 
bend alignment in accordance with the applied voltage. 
[0161] Although a retardation plate is used in the 
above-described embodiments, it may be omitted de- 
pending on the alignment of the liquid crystal molecules. 
This invention is not limited to a reflection type but may 
be adapted for use in a transparent type LCD device. 



Claims 

1 . A liquid crystal display apparatus comprising a liq- 
uid crystal display device (31 ) for color display of 
image data comprising a value for the luminance for 
each of a plurality of colors used for a single pixel 
and a driving circuit for driving said liquid crystal dis- 
play device (31 ), 

said liquid crystal display device (31 ) comprises 
a plurality of pixels, each pixel including at least 
one image point and 

said driving circuit includes 

color designation means (11 -17) for provid- 
ing said image data (RGB) to drive means 
(21,33, 35), and 

said drive means (21 , 33, 35) for supplying 
drive voltages (V0-V7) corresponding to 
said image data to said liquid crystal dis- 
play device (31 ), 

characterized in that 

said driving circuit further includes conversion 
means (1 9), for converting said image data to 
voltage data on the basis of a stored relation- 
ship between image data and voltage data de- 
termined from the relation between the drive 
voltages applied to a pixel and the colour dis- 
played thereby, said voltage data comprising a 
sole value for each pixel and for providing said 
voltage data to said drive means, 

said drive means (21 , 33, 35) is adapted to con- 
vert said voltage data to said drive voltages, 
and 

each image point is capable of displaying a plu- 
rality of colors, and is arranged to be driven by 
the corresponding drive voltage to a color most 
similar to the color defined by the respective im- 
age data. 
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2. The liquid crystal display apparatus according to 
claim 1, characterized in that said conversion 
means (19) output is adapted to said voltage data 
corresponding to displayable colors close to said 
colors designated by said image data. 

3. The liquid crystal display apparatus according to 
claims 1 or 2, characterized in that said image data 
includes bits greater in number than bits of said volt- 
age data. 

4. The liquid crystal display apparatus according to 
one of claims 1 to 3, 

characterized in that said conversion means (19) 
output is adapted to said voltage data correspond- 
ing to a displayable color closest to a color desig- 
nated by said image data on a color space, said volt- 
age data corresponding to a displayable color clos- 
est to a color on a chromaticity diagram designated 
by said image data, said voltage data correspond- 
ing to a displayable color lying in a same area in a 
color space, and said voltage data corresponding 
to a displayable color lying in a same area on a chro- 
maticitiy diagram. 

5. The liquid crystal display apparatus according to 
one of claims 1 to 4, 

characterized in that said conversion means (19) 
output is adapted to said voltage data as a digital 
signal; and 

said drive means (21,33,35) includes: 

a digital-to-analog converter (21 ) for converting 
said voltage data output from said conversion 
means to an analog voltage; and 

means (33,35) for supplying said analog volt- 
age output from said digital-to-analog convert- 
er (21 ) as said drive voltage to said liquid crystal 
display device (31). 

6. The liquid crystal display apparatus according to 
one of claims 1 to 5, 

characterized in that said drive means (21,33,35) 
includes: 

voltage generating means (61 ) for outputting a 
plurality of produced voltages; and 

a multiplexer (62) for selecting a voltage corre- 
sponding to said voltage data output from said 
drive means (21,33,35) from said produced 
voltages from said voltage generating means 
(61) and outputting said selected voltage. 

7. The liquid crystal display apparatus according to 
claim 6, characterized in that said voltage generat- 
ing means (61) includes variable means (VR; 



101,102) for changing a voltage value of an output 
voltage. 

8. The liquid crystal display apparatus according to 
s claim 6 or 7, characterized in that said voltage gen- 
erating means (61) comprises: 

fixed voltage means (100) for producing a plu- 
rality of fixed voltages; 

10 

variable voltage means (101 ,102) having a volt- 
age-dividing circuit including a variable imped- 
ance element (VR 1 ,VR 2 ) for producing a varia- 
ble voltage; and 

15 

output means (A) for outputting voltages, pro- 
duced by said fixed voltage means (100) and 
said variable voltage means (101,102), as volt- 
ages for driving said liquid crystal display de- 
20 vice (31). 

9. The liquid crystal display apparatus according to 
claim 8, characterized in that said fixed voltage 
means (1 00) includes a plurality of fixed impedance 

25 elements (R) connected, and a voltage-dividing cir- 
cuit (1 00) having one end applied with a first voltage 
(VEE1) and a second end applied with a second 
voltage (VEE2); 

30 said variable voltage means (101,102) is con- 

nected to a predetermined node between said 
plurality of fixed impedance elements, and sets 
a voltage at said predetermined node to a de- 
sired value; and 

35 

said output means (A) outputs said drive volt- 
age from a plurality of nodes between fixed im- 
pedance elements (R) constituting said volt- 
age-dividing circuit. 

40 

10. The liquid crystal display apparatus according to 
one of claims 7 to 9, characterized in that said var- 
iable voltage means (101,102) outputs a predeter- 
mined voltage within a voltage range in which a ratio 

45 of a change in a color (yellow) to a change in applied 
voltage of said liquid crystal display device (31) is 
large and/or a voltage corresponding to a color 
(black) for which visual sensitivity to a change in hue 
of said liquid crystal display device (31 ) is high. 

so 

11. The liquid crystal display apparatus according to 
one of claims 7 to 10, characterized in that said var- 
iable voltage means (101 ,102) output is adapted to 
a voltage corresponding to black and/or a voltage 

55 corresponding to yellow. 

12. The liquid crystal display apparatus according to 
one of claims 1 to 1 1 , characterized in that said color 
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designation means (11,17) includes: 

an image memory (15) for storing color data 
specifying display colors; 

execution means (11) for executing an image 
preparing program and storing color data defin- 
ing a color display in said image memory (15); 
and 

means (17) for supplying said color data, stored 
in said image memory, to said conversion 
means (19). 



said drive means (21 ,33,35) selects two drive volt- 
ages (V0-V7) which are in a vicinity of and respec- 
tively higher and lower than a voltage specified by 
said voltage data, and alternatively applies said 
5 drive voltages to a plurality of pixels. 

18. A method of driving a liquid crystal display device 
(31 ) displaying image data according to luminance 
values for each of a plurality of colors used for a 
10 single pixel comprising, a plurality of pixels by a driv- 
ing circuit including color designation means 
(1 1 -17) and drive means (21 ,33,35), comprising the 
steps of: 



13. The liquid crystal display apparatus according to 
one of claims 1 to 1 2, characterized in that said liq- 
uid crystal display device (31 ) is based on a bire- 
fringence controlled optical effect. 



*5 a first conversion step of converting said image 

data provided by said color designation means 
(11-17) to corresponding voltage data to dis- 
play said color defined by said image data; 



14. The liquid crystal display apparatus according to 
one of claims 1 to 13, characterized in that said im- 
age data includes a set of data specifying a plurality 
of colors of different wavelength bands. 



20 a second conversion step of converting said 

voltage data to drive voltages to be applied to 
the pixels of said liquid crystal display device 
(31); and 



15. The liquid crystal display apparatus according to 25 
one of claims 1 to 14, characterized in that it is ar- 
ranged such that when said voltage data output 
from said conversion means (1 9) specifies a volt- 
age ((VO + V1)/2 to (V6 + V7)/2) not applicable to 
said liquid crystal display device (31), said drive 30 
means (21,33,35) sequentially applies a predeter- 
mined number of drive voltages (V0-V7) in a vicinity 

of a voltage specified by said voltage data to a plu- 
rality of pixels, thereby displaying a color approxi- 
mately close to a color corresponding to said volt- 35 
age data. 

16. The liquid crystal display apparatus according to 
one of claims 1 to 14, characterized in that it is ar- 
ranged such that when said voltage data output 40 
from said conversion means (19) repeatedly spec- 
ifies a voltage ((VO + V1)/2 to (V6 + V7)/2) not ap- 
plicable to said liquid crystal display device (31), 
said drive means (21,33,35) selects a predeter- 
mined number of drive voltages (V0-V7) in a vicinity 45 
of a voltage specified by said voltage data and se- 
quentially applies said predetermined number of 
drive voltages to a plurality of pixels, thereby dis- 
playing a color approximately close to a color cor- 
responding to said voltage data in a form of mixed 
colors of said plurality of pixels. 

17. The liquid crystal display apparatus according to 
one of claims 1 to 14, characterized in that it is ar- 
ranged such that when said voltage data output 55 
from said conversion means (19) repeatedly spec- 
ifies a voltage ((VO + V1)/2 to (V6 + V7)/2) not ap- 
plicable to said liquid crystal display device (31), 



a drive step for supplying said drive voltages to 
the pixels of said liquid crystal display device 
(31 ) by said drive means (21 ,33,35), 



wherein 



said first conversion step converts said lumi- 
nance values of a single pixel into said voltage 
data on the basis of a stored relationship be- 
tween image data and voltage data determined 
from the relation between the drive voltage ap- 
plied to a pixel and the colour displayed there- 
by, said voltage data corresponding to a single 
voltage for this pixel to drive said pixel to a color 
designated by said luminance values, and in 
that said single voltage value for each pixel is 
converted in said second conversion step into 
a single voltage for one pixel, and said drive 
voltages comprises a single voltage for each 
pixel. 



19. The method according to claim 18, characterized in 
that said first conversion step includes a step of pre- 
paring a table storing a relation between voltages 
to be applied to said liquid crystal of said liquid crys- 

so tal display device (31 ), and a step of converting said 
image data to voltage data using said table. 

20. The method according to claim 18 or 19, character- 
ized in that said drive step includes: 



a step of performing digital-to-analog conver- 
sion of said voltage data; and 
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a step of supplying a voltage, obtained by said 
digital-to-analog conversion, to said liquid crys- 
tal display device to drive said liquid crystal dis- 
play device. 

21. The method according to one of claims 18 to 20, 
characterized in that said drive step includes: 

a voltage producing step of producing a plural- 
ity of voltages; 

a selection step of selecting a voltage corre- 
sponding to said voltage data from said plurality 
of voltages produced in said voltage producing 
step; and 

a step of supplying a voltage, selected in said 
selection step, to said liquid crystal display de- 
vice (31 ) to drive said liquid crystal display de- 
vice. 

22. The method according to claim 21 , characterized in 
that said voltage producing step includes a step of 
changing a voltage value of an output voltage. 

23. The method according to one of claims 18 to 22, 
characterized in that said drive step includes a step 
of, when said voltage data specifies a color not cor- 
responding to said drive voltage, applying a plurality 
of drive voltages whose average value becomes 
substantially equal to a voltage equivalent to said 
voltage data, to a plurality of pixels. 

24. The method according to one of claims 18 to 23, 
characterized in that said image data includes pri- 
mary color image data for defining colors to be dis- 
played; and 

said image data includes bits greater in number 
than bits of said voltage data. 



Patentanspruche 

1. Flussigkristallanzeigeeinrichtung mit einem Flus- 
sigkristallanzeigegerat (31) zur Farbanzeige von 
Bilddaten mit einem Wert fur die Luminanz fur jede 
einer Vielzahl von fur ein einzelnes Pixel benutzten 
Farben und einer Treiberschaltung zum Ansteuern 
des Flussigkristallanzeigegerats (31 ), 

wobei das Flussigkristallanzeigegerat (31 ) eine 
Vielzahl von Pixeln umfaBt, wobei jedes Pixel 
wenigstens einen Bildpunkt umfaBt, und wobei 

die Treiberschaltung 

Farbbezeichnungseinrichtungen (11-17) 



zum Liefern der Bilddaten (RGB) an Trei- 
bereinrichtungen (21, 33, 35) und 

die Treibereinrichtungen (21 , 33, 35) zum 
5 Liefern von Treiberspannungen (V0-V7), 

die den Bilddaten entsprechen, an das 
Flussigkristallanzeigegerat (31) umfaBt, 



dadurch gekennzeichnet, daft 

10 

die Treiberschaltung ferner eine Konversions- 
einrichtung (19) zum Konvertieren der Bildda- 
ten in Spannungsdaten aufgrund eines gespei- 
cherten Zusammenhangs zwischen Bilddaten 

is und Spannungsdaten, die anhand der Bezie- 

hung zwischen den an ein Pixel angelegten 
Treiberspannungen und der dabei angezeigten 
Farbe bestimmt werden, wobei die Spannungs- 
daten einen einzelnen Wert fur jedes Pixel um- 

20 fassen, und zum Liefern der Spannungsdaten 

an die Treibereinrichtungen umfaf3t, 

die Treibereinrichtungen (21 , 33, 35) angepaBt 
sind, urn die Spannungsdaten in die Treibers- 
2S pannungen zu konvertieren, und 

jeder Bildpunkt fahig ist, eine Vielzahl von Far- 
ben anzuzeigen, und angepaBt ist, durch die 
entsprechende Treiberspannung zu einer Far- 
30 be gesteuert zu werden, die der durch die ent- 

sprechenden Bilddaten festgelegten Farbe am 
ahnlichsten ist. 

2. Flussigkristallanzeigeeinrichtung nach Anspruch 1 , 
35 dadurch gekennzeichnet, daB die Konversions- 

einrichtung (19) angepaBt ist, die Spannungsdaten 
auszugeben, die anzeigbaren Farben nahe den 
durch die Bilddaten bezeichneten Farben entspre- 
chen. 

40 

3. Flussigkristallanzeigeeinrichtung gemaB Anspru- 
chen 1 oder 2, dadurch gekennzeichnet, daB die 
Bilddaten eine groBere Anzahl von Bits umfassen 
als die Spannungsdaten. 

45 

4. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 1 bis 3, dadurch gekennzeichnet, daB 
die Konversionseinrichtung (19) angepaBt ist, die 
Spannungsdaten auszugeben, die einer anzeigba- 

so ren Farbe entsprechen, die einer durch die Bildda- 
ten bezeichneten Farbe in einem Farbraum am 
nachsten ist, wobei die Spannungsdaten, die einer 
anzeigbaren Farbe am nachsten zu einer durch die 
Bilddaten bezeichneten Farbe auf einer Farbtafel 

55 entsprechen, wobei die Spannungsdaten einer an- 
zeigbaren Farbe entsprechen, die im gleichen Ge- 
biet in einem Farbraum liegen, und wobei die Span- 
nungsdaten einer anzeigbaren Farbe entsprechen, 
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die in einem gleichen Gebiet auf einer Farbtafel lie- 
gen. 

Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 1 bis 4, dadurch gekennzeichnet, daB s 
die Konversionseinrichtung (1 9) angepaBt ist, urn 
die Spannungsdaten als ein digitales Signal auszu- 
geben; und 

die Treibereinrichtungen (21, 33, 35) umfas- to 
sen: 

einen Digital-Zu-Analog-Wandler (21) zum 
Konvertieren der von den Konversionseinrich- 
tungen ausgegebenen Spannungsdaten zu ei- is 
neranalogen Spannung; und 

Einrichtungen (33, 35) zum Liefern der von dem 
Digital-Zu-Analog-Wandler (21) ausgegebe- 
nen analogen Spannung an das FlOssigkristall- 20 
anzeigegerat (31 ) als die Treiberspannung. 

Flussigkristallanzeigeeinrichtung gemaB einem der 
Anspruche 1 bis 5, dadurch gekennzeichnet, daft 
die Treibereinrichtungen (21, 33, 35) umfassen: 25 

eine Spannungserzeugungseinrichtung (61) 
zum Ausgeben einer Vielzahl von erzeugten 
Spannungen; und 

30 

einen Multiplexer (62) zum Auswahlen einer 
Spannung, die den von den Treibereinrichtun- 
gen (21 , 33, 35) ausgegebenen Spannungsda- 
ten entspricht, aus den von der Spannungser- 
zeugungseinrichtung (61 ) erzeugten Spannun- 35 
gen und zum Ausgeben der ausgewahlten 
Spannung. 

Flussigkristallanzeigeeinrichtung gemaB Anspruch 
6, dadurch gekennzeichnet, daft die Spannungs- 40 
erzeugungseinrichtung (61) eine Einstelleinrich- 
tung (VR; 101, 102) zum Andern eines Spannungs- 
werts einer Ausgangsspannung umfaBt. 

Flussigkristallanzeigeeinrichtung gemaB Anspruch 45 
6 oder 7, dadurch gekennzeichnet, daB die Span- 
nungserzeugungseinrichtung (61) umfaBt: 

eine Festspannungseinrichtung (100) zum Er- 
zeugen einer Vielzahl von Festspannungen; so 

eine Einstellspannungseinrichtung (101, 102), 
die eine Spannungsteilschaltung mit einem 
Einstellimpedanzelement (VR 1( VRg) zum Er- 
zeugen einer einstellbaren Spannung aufweist; ss 
und 

eine Ausgabeeinrichtung (A) zum Ausgeben 



von Spannungen, die durch die Festspan- 
nungseinrichtung (100) und die Einstellspan- 
nungseinrichtung (101, 102) erzeugt werden, 
als Spannungen zum Ansteuern des Flussig- 
kristallanzeigegerats (31). 

9. Flussigkristallanzeigeeinrichtung nach Anspruch 8, 
dadurch gekennzeichnet, daft die Festspan- 
nungseinrichtung (100) eine Vielzahl von verbunde- 
nen Festimpedanzelementen (R) und eine Span- 
nungsteilerschaltung (100) umfaBt, an deren eines 
Ende eine erste Spannung (VEE1) und an deren 
zweites Ende eine zweite Spannung (VEE2) ange- 
legt wird; 

die Einstellspannungseinrichtung (101, 102) 
mit einem vorbestimmten Knoten zwischen der 
Vielzahl von Festimpedanzelementen verbun- 
den ist und eine Spannung bei dem vorbe- 
stimmten Knoten auf einen gewunschten Wert 
festlegt; und 

die Ausgabeeinrichtung (A) die Treiberspan- 
nung von einer Vielzahl von Knoten zwischen 
Festimpedanzelementen (R) ausgibt, die die 
Spannungsteilerschaltung darstellen. 

10. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 7 bis 9, dadurch gekennzeichnet, daB 
die Einstellspannungseinrichtung (101, 102) eine 
vorbestimmte Spannung innerhalb eines Span- 
nungsbereiches, in dem ein Verhaltnis einer Veran- 
derung in einer Farbe (gelb) zu einer Veranderung 
der angelegten Spannung des FIGssigkristallanzei- 
gegerats (31) groB ist und/oder eine Spannung, die 
einer Farbe (schwarz) entspricht, fur die eine visu- 
elle Empfindlichkeit zu einer Veranderung im Farb- 
ton des Flussigkristallanzeigegerats (31) hoch ist, 
ausgibt. 

11. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 7 bis 10, dadurch gekennzeichnet, 
daB die Einstellspannungseinrichtung (101, 102) 
angepaBt, urn eine schwarz entsprechende Span- 
nung und/oder eine gelb entsprechende Spannung 
auszugeben. 

12. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 1 bis 11, dadurch gekennzeichnet, 
daB die Farbbezeichnungseinrichtungen (11, 17) 
umfassen: 

einen Bildspeicher (1 5) zum Speichern von An- 
zeigefarben spezifizierenden Farbdaten; 

eine Ausfuhrungseinrichtung (11) zum Ausfuh- 
ren eines Bildvorbereitungsprogramms und 
zum Speichern von Farbdaten, die eine Farb- 
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anzeige in dem Bildspeicher (15) festlegen; 
und 

eine Einrichtung (17) zum Liefern der in dem 
Bildspeicher gespeicherten Farbdaten an die s 
Konversionseinrichtung (19). 

13. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 1 bis 12, dadurch gekennzeichnet, 
daG das Flussigkristallanzeigegerat (31 ) auf einem 10 
doppelbrechungsgesteuerten optischen Effekt be- 
ruht. 

14. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 1 bis 13, dadurch gekennzeichnet, 15 
daG die Bilddaten einen Satz von Daten umfassen, 

die eine Vielzahl von Farben von verschiedenen 
Wellenlangenbandern festlegen. 

15. Flussigkristallanzeigeeinrichtung nach einem der 20 
Anspruche 1 bis 14, dadurch gekennzeichnet, 
daf3 sie angepaGt ist, so daG, wenn die von der Kon- 
versionseinrichtung (19) ausgegebenen Span- 
nungsdaten eine Spannung ((V0+VI)/2 bis (V6+V7) 

12) festlegt, die nicht angepaGt fur das Flussigkri- 25 
stallanzeigegerat (31 ) ist, die Treibereinrichtungen 
(21 , 33, 35) sequentiell eine vorbestimmte Zahl von 
Treiberspannungen (V0-V7) in eine Nachbarschaft 
einer durch die Spannungsdaten festgelegten 
Spannung an eine Vielzahl von Pixeln anlegt, wobei 30 
hierdurch eine Farbe angezeigt wird, die ungefahr 
nahe einer Farbe ist, die den Spannungsdaten ent- 
spricht. 

16. Flussigkristallanzeigeeinrichtung nach einem der 35 
Anspruche 1 bis 14, dadurch gekennzeichnet, 
daB sie angepaBt ist, so daB, wenn die von der Kon- 
versionseinrichtung (19) ausgegebenen Span- 
nungsdaten wiederholt eine Spannung ((V0+VI)/2 

bis (V6+V7)/2) festlegen, die nicht fur das Flussig- *o 
kristallanzeigegerat (31 ) angepaBt ist, die Treiber- 
einrichtungen (21 , 33, 35) eine vorbestimmte Zahl 
von Treiberspannungen (V0-V7) in einer Nachbar- 
schaft einer durch die Spannungsdaten festgeleg- 
ten Spannung auswahlen und die vorbestimmte *s 
Zahl von Treiberspannungen an eine Vielzahl von 
Pixeln sequentiell anlegen, wobei hierdurch eine 
Farbe ungefahr nahe einer Farbe angezeigt wird, 
die den Spannungsdaten in einer Form von ge- 
mischten Farben der Vielzahl von Pixeln entspricht. so 

17. Flussigkristallanzeigeeinrichtung nach einem der 
Anspruche 1 bis 14, dadurch gekennzeichnet, 
daG sie angepaGt ist, so daB, wenn die von der Kon- 
versionseinrichtung (19) ausgegebenen Span- 55 
nungsdaten wiederholt eine Spannung ((V0+VI)/2 

bis (V6+V7)/2) festlegen, die nicht angepaBt fur das 
Flussigkristallanzeigegerat (31) ist, die Treiberein- 



richtungen (21, 33, 35) zwei Treiberspannungen 
(V0-V7) auswahlen, die in einer Nachbarschaft und 
hoher bzw. niedriger als eine durch die Spannungs- 
daten festgelegte Spannung sind und abwechselnd 
die Treiberspannungen an eine Vielzahl von Pixeln 
anlegen. 

18. Verfahren zum Ansteuern eines Flussigkristallan- 
zeigegerats (31), das Bilddaten gemaG Luminanz- 
werten fur jede einer Vielzahl von fur ein einzelnes 
Pixel verwendeten Farben anzeigt, wobei es eine 
Vielzahl von Pixeln und eine Ansteuerschaltung 
umfaGt, die Farbbezeichnungseinrichtungen 
(11-17) und Treibereinrichtungen (21, 33, 35) um- 
faGt, mit den Schritten: 

einem ersten Konversionsschritt zum Konver- 
tieren der durch die Farbbezeichnungseinrich- 
tungen (11-17) gelief erten Bilddaten in entspre- 
chende Spannungsdaten, urn die durch die 
Bilddaten festgelegte Farbe anzuzeigen; 

einem zweiten Konversionsschritt zum Konver- 
tieren der Spannungsdaten in Treiberspannun- 
gen, die an die Pixel des Flussigkristallanzei- 
gegerats (31 ) angelegt werden sollen; und 

einem Ansteuerschritt zum Liefern der Trei- 
berspannungen an die Pixel des Flussigkristall- 
anzeigegerats (31) durch die Treibereinrichtun- 
gen (21, 33, 35), 

wobei 

der erste Konversionsschritt die Luminanzwer- 
te eines einzelnen Pixels in die Spannungsda- 
ten basierend auf einer gespeicherten Bezie- 
hungzwischen Bilddaten und Spannungsdaten 
konvertiert, die anhand der Beziehung zwi- 
schen der an einen Pixel angelegten Treiber- 
spannung und der hierbei angezeigten Farbe 
bestimmt wird, wobei die Spannungsdaten ei- 
ner einzelnen Spannung fur dieses Pixel ent- 
sprechen, urn das Pixel zu einer durch die Lu- 
minanzwerte bezeichneten Farbe zu steuem, 
und dadurch der einzelne Spannungswert fur 
jedes Pixel in dem zweiten Konversionsschritt 
in eine einzelne Spannung fur ein Pixel inver- 
tiert wird, und die Treiberspannungen eine ein- 
zelne Spannung fur jedes Pixel umfassen. 

19. Verfahren nach Anspruch 18, dadurch gekenn- 
zeichnet, daG der erste Konversionsschritt einen 
Schritt zum Vorbereiten einer Tabelle umfaGt, die 
eine Beziehung zwischen Spannungen, die an das 
flussigkristalline Material des Flussigkristallanzei- 
gegerats (31) angelegt werden sollen, und einen 
Schritt zum Konvertieren der Bilddaten zu Span- 
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nungsdaten unter Benutzung der Tabelle umfaGt. 

20. Verfahren nach Anspruch 18 Oder 1 9, dadurch ge- 
kenn2elchnet, daB der Ansteuerschritt umfaGt: 

5 

einen Schritt zum Durchf uhren einer Digital-Zu- 
Analog-Wandlung der Spannungsdaten; und 

einen Schritt zum Liefern einer Spannung, die 
durch die Digital-Zu-Analog-Wandlung erhal- io 
ten wird, an das Flussigkristallanzeigegerat, 
urn das Flussigkristallanzeigegerat anzusteu- 
ern. 

21. Verfahren nach einem der Anspruch e 18 bis 20, da- *5 
durch gekennzeichnet, daG der Ansteuerschritt 
umfaGt: 

einen Spannungserzeugungsschritt zum Er- 
zeugen einer Vielzahl von Spannungen; 20 

einen Auswahlschritt zum Auswahlen einer den 
Spannungsdaten entsprechenden Spannung 
aus der Vielzahl von in dem Spannungserzeu- 
gungsschritt erzeugten Spannungen; und 25 

einen Schritt zum Liefern einer Spannung, die 
in dem Auswahlschritt ausgewahlt wird, an das 
Flussigkristallanzeigegerat (31), urn das Flus- 
sigkristallanzeigegerat anzusteuern. 30 

22. Verfahren nach Anspruch 21, dadurch gekenn- 
zeichnet, daG der Spannungserzeugungsschritt ei- 
nen Schritt zum Andern eines Spannungswerts ei- 
ner Ausgangsspannung umfaGt. 35 

23. Verfahren nach einem der Anspruche 1 8 bis 22, da- 
durch gekennzeichnet, daG der Ansteuerschritt 
einen Schritt zum Anlegen einer Vielzahl von An- 
steuerspannungen umfaGt, deren Durchschnitts- 40 
wert im wesentlichen gleich einer Spannung ent- 
sprechend den Spannungsdaten wird, an eine Viel- 
zahl von Pixeln, wenn die Spannungsdaten eine 
Faroe festlegen, die nicht der Ansteuerspannung 
entspricht. 45 

24. Verfahren nach einem der Anspruche 18-23, da- 
durch gekennzeichnet, daG die Bilddaten Haupt- 
farbbilddaten zum Festlegen anzuzeigender Far- 
ben umfassen; und 50 

die Bilddaten eine groGere Zahl von Bits um- 
fassen, als die Spannungsdaten. 



Revendications 

1. Ensemble d'affichage a cristaux liquides compre- 



nant un dispositif d'affichage a cristaux liquides (31 ) 
destine a Paffichage en couleur de donnees d'image 
comprenant une valeur pour la luminance pour cha- 
que couleur parmi une plurality de couleurs utili- 
se es pour un seul pixel et un circuit d'attaque des- 
tine a attaquer ledit dispositif d'affichage a cristaux 
liquides (31), 

ledit dispositif d'affichage a cristaux liquides 
(31) comprend une pluralite de pixels, chaque 
pixel comprenant au moins un point d'image et 
ledit circuit d'attaque comprend 

un moyen de designation de couleur (11 a 
17) destin6 a fournir lesdites donn6es 
d'image (RGB) au moyen d'attaque (21, 
33, 35), et 

ledit moyen d'attaque (21, 33, 35) destine 
a fournir des tensions d'attaque (VO a V7) 
correspondant auxdites donnees d'image, 
audit dispositif d'affichage a cristaux liqui- 
des (31), 

caracterise en ce que 

ledit circuit d'attaque comprend en outre un 
moyen de conversion (19), destin6 a convertir 
lesdites donnees d'image en donnees de ten- 
sion sur la base d'une relation m6morisee entre 
les donnees d'image et les donnees de tension, 
determinee a partir de la relation entre les ten- 
sions d'attaque appliquees a un pixel et la cou- 
leur ainsi affichee, lesdites donnees de tension 
comprenant une seule valeur pour chaque 
pixel, et destine a fournir lesdites donnees de 
tension audit moyen d'attaque, 
ledit moyen d'attaque (21, 33, 35) est concu 
pour convertir lesdites donnees de tension en 
lesdites tensions d'attaque, et 
chaque point d'image peut afficher une pluralite 
de couleurs, et est dispose de facon a etre at- 
taque par la tension d'attaque correspondante 
pour une couleur la plus similaire a la couleur 
definie par les donnees d'image respectives. 

2. Ensemble d'affichage a cristaux liquides selon la re- 
vendication 1 , caracterisS en ce que ledit moyen de 
conversion (1 9) est concu pour fournir en sortie les- 
dites donnees de tension correspondant aux cou- 
leurs pouvant etre affichees proches desdites cou- 
leurs designees par lesdites donnees d'image. 

3. Ensemble d'affichage a cristaux liquides selon la re- 
vendication 1 ou 2, caracterise en ce que lesdites 
donnees d'image comprennent des bits en nombre 
superieur aux bits desdites donn6es de tension. 

4. Ensemble d'affichage a cristaux liquides sebn I'une 
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des revendications 1 a 3, caracterise en ce que I edit 
moyen de conversion (1 9) est concu pour fournir en 
sortie lesdites donnees de tension correspondant a 
une couleur pouvant etre affichee la plus proche 
d'une couleur designee par lesdites donnees d'ima- 
ge sur un espace de couleur, lesdites donnees de 
tension correspondant a une couleur pouvant etre 
affichee la plus proche d'une couleur sur un dia- 
gramme trichromatique designee par lesdites don- 
nees d'image, lesdites donnees de tension corres- 
pondant a une couleur pouvant etre affichee situee 
dans une meme zone d'un espace de couleur, et 
lesdites donnees de tension correspondant a une 
couleur pouvant etre affichee situee dans une me- 
me zone sur un diagramme trichromatique. 

5. Ensemble d'affichage a cristaux liquides selon Tune 
des revendications 1 a 4, 

caracterise en ce que ledit moyen de conver- 
sion (19) est concu pour fournir en sortie lesdites 
donnees de tension sous forme d'un signal nume- 
rique, et 

ledit moyen d'attaque (21 , 33, 35) comprend : 

un convertisseur num6rique vers analogique 
(21) destine a convertir lesdites donnees de 
tension fournies en sortie a partir dudit moyen 
de conversion en une tension analogique, et 
un moyen (33, 35) destine a appliquer ladite 
tension analogique fournie en sortie a partir du- 
dit convertisseur numSrique vers analogique 
(21) sous forme de ladite tension d'attaque, 
audit dispositif d'affichage a cristaux liquides 
(31). 

6. Ensemble d'affichage a cristaux liquides selon Tune 
des revendications 1 a 5, 

caracterise en ce que ledit moyen d'attaque 
(21, 33, 35) comprend: 

un moyen de generation de tension (61 ) desti- 
ne a fournir en sortie une pluralite de tensions 
produites, et 

un multiplexer (62) destine a selectionner une 
tension correspondant auxdites donnees de 
tension fournies en sortie a partir dudit moyen 
d'attaque (21 , 33, 35) a partir desdites tensions 
produites provenant dudit moyen de generation 
de tension (61 ) et fournir en sortie ladite tension 
seiectionnee. 

7. Ensemble d'affichage a cristaux liquides selon la re- 
vendication 6, caracterise en ce que ledit moyen de 
generation de tension (61 ) comprend un moyen va- 
riable (VR ; 101 , 102) destine a modifier une valeur 
de tension d'une tension de sortie. 

8. Ensemble d'affichage a cristaux liquides selon la re- 
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vendication 6 ou 7, caracterise en ce que ledit 
moyen de generation de tension (61) comprend : 

un moyen a tensions fixes (100) destine a pro- 
duire une pluralite de tensions fixes, 
un moyen a tension variable (101, 102) com- 
portant un circuit de division de tension com- 
prenant un element a impedance variable 
(VR^ VR2) destine a produire une tension va- 
riable, et 

un moyen de sortie (A) destine a fournir en sor- 
tie des tensions, produites par ledit moyen a 
tensions fixes (1 00) et ledit moyen a tension va- 
riable (101, 102), sous forme de tensions des- 
tinies a attaquer ledit dispositif d'affichage a 
cristaux liquides (31). 



9. Ensemble d'affichage a cristaux liquides selon la re- 
vendication 8, caracterise en ce que ledit moyen a 

20 tensions fixes (100) comprend une pluralite d'e" la- 
ments a impedance fixe (R) relies, et un circuit de 
division de tension (100) dont une extremite recoit 
une premiere tension (VEE1) et uneseconde extre- 
mite recoit une seconde tension (VEE2), 

25 

ledit moyen a tension variable (101, 102) est 
relie a un noeud predetermine entre ladite plu- 
ralite d'elements a impedance fixe, et etablit 
une tension au niveau dudit noeud predetermi- 
ne ne a une valeur desiree, et 

ledit moyen de sortie (A) foumit en sortie ladite 
tension d'attaque a partir d'une pluralite de 
noeuds entre des elements a impedance fixe 
(R) constituant ledit circuit de division de ten- 
35 sion. 

1 0. Ensemble d'affichage a cristaux liquides selon i'une 
des revendications 7 a 9, caracterise en ce que ledit 
moyen a tension variable (1 01 , 1 02) fournit en sortie 

40 une tension predeterminee a I'interieur d'une plage 
de tensions dans laquelle un rapport d'un change- 
ment de couleur (jaune) sur une variation de la ten- 
sion appliquee du dispositif d'affichage a cristaux 
liquides (31 ) est important et/ou une tension corres- 

45 pondant a une couleur (noir) pour laquelle la sensi- 
bilite visuelle a un changement de teinte dudit dis- 
positif d'affichage a cristaux liquides (31) est 6le- 
v6e. 

50 11. Ensemble d'affichage a cristaux liquides selon I'une 
des revendications 7 a 10, caracterise en ce que 
ledit moyen a tension variable (101 , 102) est concu 
pour fournir en sortie une tension correspondant au 
noir et/ou une tension correspondant au jaune. 

55 

1 2. Ensemble d'affichage a cristaux liquides selon i'une 
des revendications 1 a 11, caracterise en ce que 
ledit moyen de designation de couleur (11, 17) 
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comprend : 

une memoire d'image (15) destined a m6mori- 
ser des donnees de couleur specifiant des cou- 
leurs d'affichage, 5 
un moyen d'execution (11) destine a executer 
un programme de preparation d'image et me- 
moriser des donnees de couleur definissant un 
affichage en couleur dans ladite memoire 
d'image (15), et 10 
un moyen (17) destine a appliquer lesdites don- 
nees de couleur, memorisees dans ladite me- 
moire d'image, audit moyen de conversion 
(19). 

15 

1 3. Ensemble d'affichage a cristaux liquides selon I'une 
des revendications 1 a 12, caract§ris6 en ce que 
I edit dispositif d'affichage a cristaux liquides (31 ) est 
fond6 sur un effet optique a commande de birefrin- 
gence. 20 

1 4. Ensemble d'affichage a cristaux liquides selon I'une 
des revendications 1 a 1 3, caracterise en ce que 
lesdites donnees d'image comprennent un ensem- 
ble de donnees specifiant une plurality de couleurs 25 
dans des bandes de longueurs d'onde diflerentes. 

1 5. Ensemble d'affichage a cristaux liquides selon I'une 
des revendications 1 a 14, caracterise en ce qu'il 

est agence de telle maniere que lorsque lesdites 30 
donn6es de tension fournies en sortie a partir dudrt 
moyen de conversion (19) specifient une tension 
((VO + V1 )/2 a (V6 + V7)/2) qui n'est pas applicable 
audit dispositif d'affichage a cristaux liquides (31), 
ledit moyen d'attaque (21 , 33, 35) applique s6quen- 35 
tiellement un nombre predetermine de tensions 
d'attaque (VO a V7) a proximity d'une tension sp6- 
cifiee par lesdites donnees de tension a une plura- 
iite de pixels, en affichant ainsi une couleur approxi- 
mativement proche d'une couleur correspondant *o 
auxdites donnees de tension. 

1 6. Ensemble d'affichage a cristaux liquides selon I'une 
des revendications 1 a 14, caracterise en ce qu'il 

est agence de telle maniere que lorsque lesdites 45 
donnees de tension fournies en sortie a partir dudit 
moyen de conversion (1 9) specifient de facon repe- 
titive une tension ((VO + V1)/2 a (V6 + V7)/2) qui 
n'est pas applicable audit dispositif d'affichage a 
cristaux liquides (31 ), ledit moyen d'attaque (21 , 33, so 
35) selectionne un nombre predetermine de ten- 
sions d'attaque (VO a V7), a proximite d'une tension 
specifiee par lesdites donnees de tension et appli- 
que sequentiellement ledit nombre predetermine 
de tensions d'attaque a une pluraiite de pixels, en 55 
affichant ainsi une couleur approximativement pro- 
che d'une couleur correspondant auxdites donnees 
de tension sous forme de couleurs m6langees de 



ladite pluraiite de pixels. 

1 7. Ensemble d'affichage a cristaux liquides selon i'une 
des revendications 1 a 14, caracterise en ce qu'il 
est agence de telle sorte que lorsque lesdites don- 
nees de tension fournies en sortie a partir dudit 
moyen de conversion (19) specifient de facon repe- 
titive une tension ((VO + V1)/2 a (V6 + V7)/2) qui 
n'est pas applicable audit dispositif d'affichage a 
cristaux liquides (31 ), ledit moyen d'attaque (21 , 33, 
35) selectionne deux tensions d'attaque (VO a V7) 
qui sont a proximite d'une tension specifiee par les- 
dites donnees de tension et sont respectivement 
superieure et inferieure a celle-ci, et applique en al- 
ternance lesdites tensions d'attaque a une plurality 
de pixels. 

18. Procede d'attaque d'un dispositif d'affichage a cris- 
taux liquides (31) affichant des donnees d'image 
conformement a des valeurs de luminance pour 
chacune d'une pluraiite de couleurs utilises pour 
un seul pixel, comprenant une pluraiite de pixels, 
grace a un circuit d'attaque comprenant un moyen 
de designation de couleur (11 a 17) et un moyen 
d'attaque (21, 33, 35) comprenant les etapes 
suivantes : 

une premiere etape de conversion pour conver- 
ts lesdites donnees d'image fournies par ledit 
moyen de designation de couleur (11 a 17) en 
des donnees de tension correspondantes afin 
d'afficher ladite couleur definie par lesdites 
donn6es d'image, 

une seconde etape de conversion pour conver- 
ts lesdites donn6es de tension en tensions d'at- 
taque devant etre appliquees aux pixels dudit 
dispositif d'affichage a cristaux liquides (31 ), et 
une etape d'attaque destinee a appliquer lesdi- 
tes tensions d'attaque aux pixels dudit dispositif 
d'affichage a cristaux liquides (31) grace audit 
moyen d'attaque (21, 33, 35), 

dans lequel 

ladite premiere etape de conversion convertit 
lesdites valeurs de luminance d'un seul pixel en 
lesdites donnees de tension sur la base d'une 
relation memorisee entre des donnees d'image 
et des donnees de tension determinee a partir 
de la relation entre la tension d'attaque appli- 
quee a un pixel et la couleur ainsi affichee, les- 
dites donnees de tension correspondant a une 
tension unique pour ce pixel afin d'attaquer ledit 
pixel avec une couleur designee pour lesdites 
valeurs de luminance, et en ce que ladite valeur 
de tension unique pour chaque pixel est con- 
verge dans ladite seconde 6tape de conversion 
en une tension unique pour un pixel, et lesdites 
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tensions d'attaque comprennent une tension 
unique pour chaque pixel. 

19. Prcc6d6 selon la revendication 18, caract6ris6 en 
ce que ladite premiere etape de conversion com- 
prend une etape consistant a preparer une table 
memorisant une relation entre des tensions devant 
etre appliquees auxdits cristaux liquides dudit dis- 
positif d'affichage a cristaux liquides (31), et une 
etape consistant a convertir lesdites donnees 
d'image en donnees de tension en utilisant ladite 



10 



racterise en ce que lesdites donnees d'image com- 
prennent des donnees d'image de couleurs primai- 
res destinees a definir des couleurs devant etre af- 
fichees, et 

lesdites donnees d'image comprennent des 
bits en nombre superieur aux bits desdites don- 
nees de tension. 



20. Precede selon la revendication 18 ou 19, caracte- 
rise en ce que ladite etape d'attaque comprend : is 

une etape consistant a executer une conver- 
sion numerique vers analogique desdites don- 
nees de tension, et 

une etape consistant a appliquer une tension, 20 
obtenue par ladite conversion numerique vers 
analogique, audit dispositif d'affichage a cris- 
taux liquides afin d'attaquer ledit dispositif d'af- 
fichage a cristaux liquides. 

25 

21 . Precede selon I'une des revendication s 1 8 a 20, ca- 
ract6ris6 en ce que ladite etape d'attaque 
comprend : 



une etape de production de tensions consistant 30 
a produire une pluralite de tensions, 
une etape de selection consistant a selection- 
ner une tension correspondant auxdites don- 
nees de tension, a partir de ladite pluralite de 
tensions produites dans ladite etape de produc- 35 
tion de tensions, et 

une etape consistant a appliquer une tension, 
selectionnee dans ladite etape de selection, 
audit dispositif d'affichage a cristaux liquides 
(31 ), afin d'attaquer ledit dispositif d'affichage *o 
a cristaux liquides. 

22. Precede selon la revendication 21 , caracterise en 
ce que ladite etape de production de tensions com- 
prend une etape consistant a modifier une valeur *s 
de tension d'une tension de sortie. 



23. Precede selon I'une des revendications 1 8 a 22, ca- 
racterise en ce que ladite etape d'attaque comprend 
une etape consistant a, lorsque lesdites donnees so 
de tension specifient une couleur qui ne correspond 
pas a ladite tension d'attaque, appliquer une plura- 
lite de tensions d'attaque dont la valeur moyenne 
devient pratiquement egale a une tension equiva- 
lente auxdites donnees de tension, a une pluralite ss 
de pixels. 



24. Precede selon I'une des revendications 18 a 23, ca- 
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